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(54) METI-1 OD FOR PRODUCING- SPHERICAL SHIGA- BASED MESOPORGUS BODY 
(S7)Abatract: 

PROBLEM TO BE SOLVED: To provide a method for producing a 
spherical silica-based mesoporou^bodv which b extremely high. In 
the umfe^ity of particle sises so that >90 wt,% of all part idtes to 
be obtained have particle sizes within the range of ±19% of the 
average particle si?&> m& has a ralailveiy large central pore 
diameter of L8 to 5 httl 

SOLUTIOM: The method for producing a spherical silica-based pi 

mesoporous body comprises: a first stage where a silica raw j ^ .. . 

materia! and a mrfmtmk are mixed in a solvent to obtain porous Cfi^ 

precursor particles in which the surfactant is introduced Into the 'Lc : nL f ^ 

silica raw maieriah and a second stage where the surfactant J^B 

comprised in the porous precursor particles is removed to obtain 

the sphericah^nica^baced mesoporous body, As the snr&ctanL 

alky! ammonium halide expressed, fey general formula U) [wherein. 

Rll R2 m$ R3 each denotes a 1 to 3€ alky! group; X denotes a 

halogen atom- and n denotes an Integer of IS to 25, respective^ W. 

used, and, as the solvent, a mixed solvent of water and alcohol in 

which the alcohol conten t Is 45 to 80 vol % b used . 
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CLAIMS 

[Claimis)] 
[Claim 1] 

The 1st process, which obtains the porous body precursor particle by which mix a silica raw material and a 
sumctant in a -.solvent, and It comes to introduce said surfactant into said silica raw material 
The 2nd process which removes said surfactant contained in said porous body precursor particle : and 
obtains a spherical silica system meso porous body, 

It is the manufacture approach, of a spherical silica system meso porous hody> and is the following 

general formula as said sur&ctant (1). : 
[Formula 1] 




[— the alky! group of the carbon numbers 1 -3 which may differ even if Rl, R2 ? and R3 are the same, and X 
show a halogen atom among; a ibrmula, and n. shows the integer of 13-25, respectively, j 
The manufacture approach, of t he high /spherical silica system meso porous body of particle ~ske 
homogeneity which comas- out, uses the mixed solvent, of the .water and: alcohol whose alcohol content is 45 
to So'canacfty % as said solvent using the alkytemiionimn haiide expressed, ami is characterized by : m.akiog 
coocenrration of 0.003 - 0.03 mol/L arid said silica raw material into 0,005 - 0,03 mol/L for the 
coucentration; of said surfactant In said .solvent by Si concentration conversioro 
f Claim 2] 

TV ^^nufo^in-e aoproach of the sohericai silica system meso porous: body according to claim 1 which .said 
silica aw materia! is aikoxyailari& and: is characterised by mixing said silica raw materia! and said surfactant 
dud# b^k. conditions io said solvent, 
[Claim -S] 

The maoumoturo approach of the: spherical silica system meso poroua body according; to claim i or 2 which 
0,01-3 mlcronmters and a main pore diameter is [ the meao particle diameter of said spherical silica system 
meso porous .body j L8-5;nni, ami ia : characterised by 93% of the weight or more, of ah particles having the 
particle sfee of *¥ilM of \wmm. the: limits of .said, mean particle diameter, 



[Traasfet^ done,.] 
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2, **** shows the word which can. not be translated:. 
It in the drawings, any wards are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the .Inventions] 

[Held of the invention] 

C080.tJ 

This invention relates to the manufacture approach of the spherical silica system msso porous body which: 
consists of a silica system Ingredient with which the frame is formed by using a silicon atom and an oxygen 
atom as a principal component. 
[Background or the invention] 
[0002] 

The silica system mesa porous body which: the pore (mess hole) of the meso size of about tH50nm of 
apsrtnres arranged very regularly as an ingredient for adsorption, storage, etc, to carry out various inattsr 
hi recent years attracts attention, and composition of suck a silica system msec porous body and research 
of junctional development have been done positively. 
[00033 

For example, Anderson and others has reported that a porous body can be easily obtained at a room 
temperature by making a methanol into specific concentration, when making a tetramethoxy siiane react in 
the Water/'metkanoi solution containing a surtheianf and sodium hydroxides,; such, as eetyi 
tnmeth^lammoiuum bromide, and obtaining a porous body (Kl.T.Audersors et ah, Che m. Mater. 10, and 1490- 
1500 haounasent literature 1 (1998)}). However, the porous body obtained by Anderson's and others 
aooroaeh Since it becomes the mixture of the shape of a fiber, and a inslform (the shape of a spheroin), aoo 
spherical porous body and is inferior to the homogeneity of a configuration and particle size There wasm 
prohlen; thai adsorption capacity per unit volume in the case of it becoming difficult to make high the tiding 
factor at the time rif tilling up a container with a porous body and the consistency of the compression- 
molding object obtained by carrying out powder compacting of the porous body, for example, using as 
adsorptios material could not be enlarged. 

[0004; , . . 

Moreover, Gran and others has reported how to manufacture a spneneai porous oouy mom mayjamme ana a 
tetra-ethosv silane (Mi Grun et ah, Siud.SuraSchCatab, 128,155 (nonpatent literature 2} (20001). However, 
although the noreus body with the spherioai porous body obtained by Grun s and others approacP was 
obtained, the' regularity of the pore was low, and since it was inferior also to the homogeneity of particle 
size, the problem that adsorption capacity was small had It, 

roods!" 

Furthermore, it Is indicated by jly 10- ■328oS$ ! A (patent; reference 1) by making alnoxysPane react under 
acin conditions in the water solution contalrung surfactants, such as an alky! trlmethylammonium sait, that a 
snberioai norous body is obtained. However, In the approach of e publication, dispersion in particle size may 
become large in obtaining a part of porous body of the configuration except: spherioai, aud it was: not yet 
enough for this official report. 
tpppgl 

Moreover, using the alkyiammoniem h&lide of specific structure as a surfectant, jP,2002-T9733:,A (patent 
reference 2) is made to dissolve thie surfactant and a silica raw -material he water so that it may becoun; 
soeclfic concentration, and it is Indicated by the approach of making it react under basic conditions that it Is 
oossible to raise the homogeneity of the content ratio of a spherical porous body and t he particle s ize of a 
sohericai Porous body. However, even it it was an approach given In this official report , the ho;rogeneity of 
the wticle sine of the snhsrlcal oorous body obtained of that ton which a porous: body with high sphericity 
comes to be obtained wasnot necessarily enough, anc control of particle s&e was not easy for ft, either. 



(Patent reference Ij jP s 10-328558, A 
iPatent reference 2] JP,2083"29733<A 

[Nonpatent Uter^w 0 M- T.Anderson ..et at, Chem, Mater. 10, 1430-1 560, (1998) 
[Nonpatent literature 2] ML QttxrM Stud. Surf. ScL CataL, ,128, 1:55 (2OQ0) 
[Description: of the . Invention] 
[ProbiemfeS to be Solved by the tevemionj 
[0007] 

Tim. mveiitlon fe made in. view of the technical problem which the above-iyi^^ technique 
has* and the homogeneity of pmlcte m& is very high, and the thing which a;mafe pore ax mm m moreover 
acquit- for LSHSnm and a.Gompar&tively !^ge : '^pheri^al''-s0€2t -system mesd pbnii&s" body ellckn:tly : und 
certainly that 00% of the weight or mor^ of all the psilicles obtained have the particle ms 6t**18% of within 
the hunts of mean particle diameter Is possible fbr It ? and It also mm coritro! of parade size at oiering the 
manufacture approach of an easy spherical silica system mesa porous body fhrthen 
[Means for Solving the Problem! 
£0003] 

As, a result of repeating research wholeheartedly that the above^f^ntioMd &bj&r&i shbiild be attained, this. 
Invention persons caiae to complete a header and .this uxvenikm.M the ahilfty of the above-mentioned 
object to fee attained by controlling the. oonc&ntratio^ of a surfetant aaci a aliioa raw umter^. precisely 
llather using high water / alcoholic mixed solvent of arcaicohol coritent while using as a .siir&ctaat the 
cpeeiue aikylanrrnomum halide which has a long~obain alky! group. 
[0009] 

Namely, this jnwniion. 

The 1st process which obtains the porous body precursor particle by which mix a silica raw material aiiid; a 
aurfectairt in a sftlvei.it.,- and it comes to mtxotace said surfactant Into said silica raw material 
The 2:ac( process which removes, e aid aarthctant contained in add porous body precuracr particle, and 
stains a-^feri^ fe. s^tm w porous body., 

It is the manufacture approach of a ****** spherical sl&a system meso porous body, : and !s :th:e-.fcl!awlng;- 
general formula as m& srufaatant: (i). ; 
[8010 j 
[Formula ll 




the alkyi group of the carbon numbers !~3 which may diiTer even if E1> R2. and R3 are the same, and -X 
show a kdomti mm among a tbrmnia, -and-n shows the iut ager of 13-25, respectively J 
It comes out", the mixed solvent of the •water and alcohol ; Whose' alcohol content ia 45 to 80. capacity % as 
^id; solvit k used using the aIkyiao>monium halkte expressed, and it fe In the m^rulactnre approach or the 
hmh soherical silica system meso porous; body of p;article-s.i^e;lioiuogen0]ty characterised by in akin g 
eoncekration of 0,093 - 0.03 mo!/!, and said sihea raw maxeiial into 0.005 ~ 0.03 inoi/L for the 
concentration of said . surfac tarn in said solvent by Si concentration conversion... 



[00.111 

In the manufeotnria approach of the spherical - silica system mesa porous body of this myention^ it: b desirable 
that said ^Ucara^' mat« te .alkox^0ar^, aa<l it is durable, to mix smd silica raw material and said 
serfhetaut .under basic conditions in said solvent* 
[00121 

According- to the msnu&cture approach of the:.. spherical-. Silka. 'system meso porous, body of such this 
invention, the spherical silica. system. mmo porous body in •whfehfO r Ql~3 mlcro^tera and a nmhi pore 
diauiotor hi moan panicle diameter j LSHSnrrs, and 90% of the weight or more of all. particles have the 
particle ska 6f**X0& of within the limits -of said mean particle diameter comes to be obtained s^Seientiy and 
e^t&irify. Moreover, in the manufacture approach of the spherical silica system mesb porous body of this 
invention, if it is aaid within the limits and the ratio of water and alcohol k changed, the particle she of the 
spherical sibca. system meso porous body obtained will be said mthin . the limits:, and the homogeneity of 
particle sise will change, while it had been held excellently. 
[Effect of the Invention] 
[0013] 

According to this invention, the homogeneity of particle sise is very high, and moreover, since the main 
pore diameter is ooaiparauvely as largo as 1.8~5nm, it becomes possible to obtain efficiently and certainly 
the spherical silica system meso porous body in which the thing tor which coloring Matter with large 
molecular weight, such as a porphyrin, la certainly introduced in pore that 90% of the weight or more of all 
the particles obtained have the particle ake of ##10% of within the limits of mean panicle diameter- is 
possible, Purth.enn.ore, according to the nianutacture approach of the spherical silica system rneso porous 
body of this invention, the particle ske of the spherical silica system meso porous body obtained can be 
controlled easily, holding the homogeneity of particle size excellently by changing the ratio of water and 
alcohol 

[Best Mode of Carrying Out the invention] 
[0014] 

Hereafter, it is baaed on the .suitable operation gest alt, and this invonfion is captained to a detain 
[001.5] 

tlhe I at process) 

In. the- maurahcture approach of the spherical silica system nieso porous Body of this invention, first , a silica 
raw maierml and a aurfhetent are udxed in, a . solvent, and the. porous body precuraor particfe by which it 
comes to .introduce said surfactant into s aid . silica rav/ material is obtained (the 1st process), 
[00 IS] 

Although the silica raw materia! used in this invention is not restricted by the reaction especially passible 
[ -fhrniation of a silicon oxide (a silicon multiple - oxide is Included) 1 just, it la desirable to use the inixtty* of 
^knwshace, a sodium silicate, -stratified silicate, silicas, or suoh- arbitration from a viewpoint of the physical 
properties of reaction ei^etlveness or tire silicon oxide obtained, and It is more desirable to use aikoAyshanc 
especially; 

mm 

As aikoxysiiane, tha totra-alkoxysOane which has, four alkosy groups,, the . triaikoxysilano which has three 
aikoxy groups,, end the diaikoxy shane which has two aikoKv groups can be used. Although especially the 
class -of alkoxy group is not restricted, what has the comparatively few .number of the cgsbon atoms in an 
alkoxy group (about m&ia four thing as a carbon, number) is advantageous from a roaetant point like a 
met boxy group, an ethoxy radical, a proposy group, and a butoxy radical Moreover, when the alkoxy group, 
which alkoxysilaiie has is 3 : or two pieces, the organic radioai, the hydroxy! group, etc. may oombino with 
the silicon atom h idko-xy>lSano-, and, as for the organic radical concerned, you may have tuuetiona! groups, 
such as an amino group and a sulthydryl group, lurthen 
[0018] 

As tetra-alkoxysilane, a. tetrauiathoxy siiane, a tolra-ethexy snane J; rotra-isoprepoxysHann, imm~ 
h^no'xvsaano, dimethoxv diethor/sikme> etc. are- mentioned. As tnaikosysilane A trimethoxy silanol, a 
TORiETOKlSHl silanolftriniothoxy raathvlsllane, Trimothoiy vmyicilane, TQRIETOKiSril vinylsilane, 3- 
glyoidoxypropyltrieihoxysikno, 3-meroaptQ propyltrtor^hoxysilanes 3 "•obioropropyltHmotoxy siiane, 3-12- 
andnoethyi) arainopropy! triniothoyysiiane, pherwitrioiethoxysilane, Phe^ltriethoKyaUane s gamoia^ 
(met-hacryloxypropyi)- trimethoxyshane* b&taHS, .4--epoxycyclohexyl)i ethyitrimethoxysilane, : eto; are 
mentioned. Moreover, as a dklkpxy sihme,. dlmethoxy dimethyisliaue> diethoxy dlaiathylsilauo, dkd.hoxy-3- 



gi^cMoxyprDpyi.nxetbyld]aae : , a aimatho^ dfehen$ silme., dknetkoAymethyl phenyisdane, etc. are 
msmipBed, 

[0:019] 

Although the above-meationed aikoxysllane can also he used iMepe.ndentl : y } it can. also be used combining 
two or more kinds. Moreover, the afkoxysiiane which has the 2~4- ahove-anentioned alkoxy groups can also 
be med combining the mono-alkoxysikne vvhkh-has one alkoxy group.. Tim, as ■mono-alkoxysiiane which 
can be used, tnuiethylmeihoxysiiane, trlmethyfethoxysilane, 3~chloropropyl dimethyl metho^iiane, etc. 
are mentioned* 
[0020] 

A .silicon oxide -f6ttsx< wh&* : alkoxysiiane' produces a shanol group by hydrolysis and rh:e produced silanol 
groups coiidori3e. In this case, assod&tion of alkoxy sunn e with pimy. aikoxy groups In a ruQiecuie produced 
In hydrolysis and condensatlorriricreases. Therefore, In this invention, k is desirable to use tetra™ 
alkoxyshana with many alkoxy groups &3 a!ko>:ysOane f and especially the thing for which a tetrametboxy 
adane or a t^tm-ethoxy' sOane is : used from a viewpoint : of a reaction rate Is d&sir&bjfe m tetrarmlkoxyaikne. 
[0021] 

As a s&dixim silicate used as a silica ra^ material In this invention, a meta~sodium silicate (N&2Si03) 5 
orthosi&fc acid sodium (Ha4Si04), dlslBck acid sodiunr (Na2Si 200, 4 sodium silicates (Ha2Si 409), etc, 
are mentioned. As a sodium sOicat^, a presentation can also use what changes with cases like: water glass 
(Ha2 u-2-4) besides such, single matter. 

"[0022] 

As stratified silicate < a money dynamite ($aHSi2Q5.3B2G>, A disfileic aokf sodium crystal (alpha, beta, 
gamma, doha-Na 2Sl 205), MAKAmiTO <taSi409,5H2Qj, Eye aiite (NaSSiSDl ;?andxH2DJ, 
MAGADMO (Na2S1140i7andxH2G), Kenya Ito (Na2$i.20O41andxrl2(3) J etc, are moutioned, Moreover, 
.what processed clay obnerak, such as sepiohte, a TiiommorOionito, a,varmicuhte, a mica, a kabffelte, and a 
smectite, by .aqueous acids .. and removed elements other than a ailica Is usable as stratihod. silicate.. 
[0823] 

As- a; silica used as a side a raw mater ml in this invention, famed silica, such as .sedimentation nature ziiim; 
colloidal dMcatAeroslKs) <pegussa~Huls)', such as UltrasU (UteasHX Gab -()-Si! CGahotX and MS!! 
(Pittsburgh Bate Glass), can be mentioned. 
[0(324] 

Although the above-mentioned silica raw material can also be used independently, it can also be csed 
combining two or mora kinds. However* since the reaction condition at the time of man elect urn may be 
complicated when using two or more kinds of silica raw materials, as for a silica raw material, in this 
invention, it Is desirable to use an independent thing. 
[0025] 

The surfactant used in this invention is alkvlammonium halide expressed with the following general formula 

(IX 

[00261 
[Formula 2] 



3 ~(CH2)irN T -R 2 X (1) 



3 



Arid -evm if JSI, M> and R3 in a general formula (1) are the same, they may differ t^om each other, and they 
show the mkyl group of cuirhon. numbers 1-3 : respestlvMy. Altho&gh a methyl -group* au ethyl group, and a 
propyl group are mentioned as suck an sdkyl group and these may be Intsrndagied in a monad, the same 
thing of all of.Rl, R2* and R3: is dasimhie from a viewpoint, of the symmetric property of a surfactant 
mofeouk. When the symmetric property of a 'surfectsnt molecule is excdfent e It Is In the Inclination for 
comiensatloii : (fermation ofamfeell etc;) of smihctanis to become easy. Furthermore, for at least one of 
EL R2, and R3, k is desirable that it .is a methyl group, and it is mora desirable that ail pfRl, m s ,md ES 
are methyl groups 

mm 

Moreover, ft in a .gsnoral formula Q) sho^ihs: integer of .13-25, and it Is more dosirahie that* is the 
integer of 1 3- 1 7 , : Alt hough a spherical porous : body is obtained, a .main pore diameter be comes sm&lfef thm. 
iSmih and It bccomos impossible to introduce cdprmg matter with large molecular weight, such as a 
porphyrin, in pore In the dkylammordum haiide said wttoss ti ls 1.2. or less. Since said n of the hydrophobic 
interaction of a surfactant is too strong in 26 or more alkyiammomum halkfe< ,& iayor-hkc compound 
-ggn&f&tgs and it beoomes bipo&$&ie on the other hand, to obtain a spherical poroi^ body, 
[00283 

Furthermore, although X in a general formula (1) shows a halogen atom and especially the class of such a 
halogen atom is not restricted, as for the viewpoint of tho ease of acquisition to X, it is nesirabfe that they 
aro a chlorine &tom or a bromine atom. 
[00291 

'therefore* it Is doshohlo that it is alkyl trim8thyiani.monIum h&ude m which ail of Rl : R2 S and R3 are amthyl 
groups, and. have the Icng-chain alkyl . group of the brown coal prime factors 14-26 as a surface active agent, 
expressed, with tho ahnvo-moniioriod general formula (1), and tetradecyi tr imsthyi ammordum halfoe, 
hexadacy! trimethy] ammonium halide, Qctadecyl fcrimethyl ammonium h&Ihfe> BIKO sill trimethylammonium 
hahek?, and DOKQSHIRU irlrnethyl ainrntaiium haiide are more desfeable especially. 

Such a surfactant forms complex in a solvent with a- silica raw material. Although the . silica: raw m&tenaj -in ^ 
cofcipfex changes with reactions t o a sihoon oxide, in order that a silicon oxide may not : generato, :a nolo will 
ho formed in the part fo which the aurlhctant exists in the part in which the surfactant exists, 1fcatj», a 
sinfeotant is introduced into a silica raw material — having " a hole — it functions as a template for 
.formation. In this mvernion, although a scrmctant can be- used combining one kind or iwa kinds or mm, 
since a . surfactant works as- a template at the thao of making a hole form in the resultant of a sllfoa taw 
material: and the cfes-£ has dig affect on the coniiguration of the hole of a porous body, m order for a more 
urufonn spherical porous body to. obtain, it is desirable [ a surfectant ] to use only one kind a;? raootfonod 
abo : vo,. 
[003 l] 

In this invention, thrsaxefi solvent of water and alcohol is used as & sptve nt for mixing s&iri sihea raw 
material and said surfactant. As such alcohol, a methanol, sthaftol, isopropaSol A-propanoi, ethylene glycol 
and a 4voero! are mentioned,- and a viewpoint to the soluble methanol or the etharmf of a silica raw arterial 
is datable. 
18032] 

And in this invention, in case the porous body precursor particle oy wiucn is coses to mcroouee sau! 
suifactant into said silica raw material is compounded, it is important that the consent of alcohol uses the 
water / alcoholic mixed solvent of 45 - 80 capacity ■%, and it is more desirable, that the oenisni of alcohol 
uses the thing of 5Q - 70 capacity %. Thus, by using the mixed solvent containing convparativsiy a lot of 
aktaiol seneratmmand growth of a ■.uniform spherule will he realized and the particle size of the spherical 
silica system meso porous body obtained will be controlled by altitude at homogeneity. When the content of 
alcohol h under 45 capacity %, control of particle siae and particle stee distribution beaomos difficult, and 
the homogeneity of the particle size of the spherical silica system meso porous body obtained becomes low. 
On the other hand, also when the content of alcohol exceeds 80 capacity %, control of particle size and 
particle, size distribution becomes difficult, and the homogeneity of the partioie sise of the sphsrice! silica 
svstem meso porous body obtained becomes low. 
[0033] 



Moreover, hi this tov«ntloh> the particle ske of the sph&ric&l silka .$$$t&m- meso porous body obtained is 
easily coritrpllabie, holding the; homogeneity of partaefe changing the ratio of the 

aferementionecl; w&tsr and. fcleohoh Thet is,, evince a porous body becomes easy- to deposit when, the ratio of 
water is high, particle m& becomes small, and conversely, -when the ratio of alcohol is high, the porous body 
of a largo particle slse car: be obtained. 
[0034] 

Furthermore, in this iayentioin m case said silica iw materia! and: said .■mdfet&m anammed in add mixed 
solvent and a porous body precursor particle is obtained, it is necessary to make Into 0.005 - 0.03 moI/L 
(preferably- 0.008 - 0.01.5 um/L) concentration of thr silica raw material which rno.de concentration of the 
simracfant mentioned above 0,003 ~ 0.03 mol/L (preferably 0.01 - 0,02 ttibl/Ot and mentioned it above on 
the : 'tmk oi the foil capacity of a splutlo.n on : the- basis of the. hill capacity of a sokuiom. Thus, by controlling 
the concentration of a surfhotant and a silica raw matsnsil strictly, generating and growth of using the 
abpve--maiiti^4'.m^ad solyenivatid a conjointly uniform .spherule will be reah^ed, and the particle of 
the. spherical silica system ximso porous body obtained will be controlled, by altitude at homogeneity. When 
the ooncentraMori of a surfactant is less than 0,003 mal/L, since the amounts of-the surfactant, which should 
serve as a template run abort, a good porous body cannot be obtained, but the homogeneity of the paittcle 
ake.of the. spherical silica systemmeso porous ; body Ikaa. which opntrol, of particle sice and .paraeiesme 
distribution is further obtained by becoming dlfncuk becomes low. Dm the other hand, when the 
concentration, of a surfactant exceeds CL 03 mol/L* a porous body with a spherical configuration cannot be 
obtalr^d by the high ratio,; but the homogeneity of the p&rtida sise of the spherical silica system meso. 
ooroua body from which, control erf particle size and partiple ■size, distribution is further obtained by becoming 
difficult becomes. lo^o Moreover, when the mncMxitMioh of a silica raw material is less than 0,005 mol/L, a. 
porous body with a. spherical ecTdtgm^tiou cannot be obtained by the high ratio, but the. homogeneity of the 
particle size of the spherical silica sy st em me so porous body from which control of particle s;fee and particle 
sine distribution la timther obtained by becoanng difficult becomes low. On the other hand, when the 
ooneentf atlon of a silica raw material exceeds 0.03 xnola / L, since the ratios of th.e : simfectant which should 
serve as a template fun short, a good porous body cannot be obtained, tout the homogeneity of the particle 
stee of the spherical silica system meso porous body from which con trol of particle .size and particle sise 
distribution is ferther obtained by booming ritfScuft becomes low. 
[0035] 

Moreover, in this in vent ion, in case said silica raw material and said surihetant are mixed, mining -under 
basic oondltioas is desirable. Although a reaction arises and a silica raw material generally changes to o 
silicon oxide tinder ; an acid condition under a basic condition, sines the. concentration of the silica raw 
material an- this invention and a surfactant is quite low as compared with/the approach of the conventional 
lichmaue, under acid conditions, a reaction hardly advances. Therelbra, it is desirable to make a silica. raw 
matenal react under basic conditions in this mveuiiom In addition > since the direction in the case of making 
it react on bask conditions rattier than the case where it is made to react an. acid conditions ean obtain the 
silicon oxide which the reacting point ore. silicon atom increased and wns e>xeltent in physical propertias, 
such as aioisture resistance and -thermal resistance, as tor a.sffica.raw material,, mking, under basic, 
conditions is advantageous , also in this point,, 
T0036] 

In order to make the above-mentioned miaed solvent into basicity, akaiis, such as a sooium"-nydromae 
water solution, are usually added. Although not restricted especially concerning: the basic conditions, of 
reacuoh timer it: is dsdrabls to make it themaiue which mod) the; alkali equivalent of the alkali to add with 
vha number of silken atom mok In [ ail ] a silica raw material set to 0,1-0,9, and it is more desirable to 
.make it set to. 0,2~QM, When the wiue which, *tffed). the ; alkali equivalent of the. alkali to add with, the 
number of silicon atom mols in [ ail j a silica raw material Is less than Obi, yield tends to fell, and when 
exceeding another side and 0.9, there is an inclination ior formation of a porous body to become difficult. 
[0037] 

F-s^ecbiilv the reaction conditions (reaction teirjperature, reaction time, etc) in the est ahovemnent:enea 
process arc: na f restricted, bubeau be. made Into -20 degrees C - 100 degrees C (preferably 0 degree C - 
SO degrees C, more preferably 10 degrees C- 40 degrees C) as reaction temperature, fer emunpie. 
Moreover, as for a reaetiom it is desmabte to make it go on in the. state: of stirring. As for a concrete 
ruction honduiom it is desirable to determine baaed on the class of siifcaraw material to be used etm 
[003SJ 



That is, when, using alko^ysilaoe as a silica raw material^ a porous body precursor particle can be obtained 
as foilowm Pim ? to the inked solvent of water and alcohol,: a. surfactant arm an aficaft-ar? added, the basic 
sdiitioa: of a surSictant is prepared and alkoxysHaue is added m this solution,. In order to hydrolyse the 
added ^kpxysi'buss in ^solution tor hydrolysis and condensation), white powder deposits in several seconds 
- dozms of minutes alter addition., hi 'Ms. case, as for reaction temperature, u is desirable to consider as 0 
degree C - 80 degrees C, arid It & more desirable to consider .as 10 degrees C ~ 48 degrs&s C Moreover, 
as for a solution, stirring is; desirable, 
[00391 

After precipitate depositsta solution ^11! be. further -stirred dor 1 hour - ten days, at 0 degree C - 80 degrees 
C (preferably 10 .degrees C ~ 40 degrees C) t md the reaction of a silica raw material ivill he advanced, Mer 
stirring termination, it is left at a room temperature overnight iifneeded, a system Is stabilteed, and the 
porous body precursor particle coneernmg this invention is obtained by filtering and washing the obtained 
preoioi rate if needed. 
[0040] 

Moreover, as a silica raw material, when using silica raw materials other than aiko^ysiiano (a sodium silicate, 
stratified silicate, or silica), aikaiis, : su:oh as a sodium-"hydmxide water solution, are added further, and a 
unifbnn -solution is prepared so that ; a silica raw material may bo added to the mixed solvent of the water 
containing a sudkctani, and. alcohol and it may become the silicon atom and equimokr grade: in a silica raw 
material Then, tho porous body precursor particle which starts this invexuion by the approach of carrying 
out mol addition of the thin acid solution I / two to 3/4 iixn* to the silicon atom in a silica raw mat-rial k 
producible- Although an alkali is needed by super€uous for the object which cuts a pen of SHO-Si) 4 
association already formed into the silica raw material It needs to neutralise a -part for the excess with an 
acid. As an acid, any of organic acids, such; as .inorganic, acids , such, as a hydrochloric acid and a stUforie 
acid, and an ..acetic acid, mw. be used, 
[0041] 

(The 2nd process) 

Nest, In the manufacture approach, of the spherical silica system meso porous body of this invention, the 
surfeit ant contained in the porous body precursor particle obtained at said 1st process, is removed,, .and. a 
spherical 'silica system mean porous body obtained (the 2nd process), Thus, as an .approach of removing a 
surfectant, the. approach, by baking,, the approach or processing with an organic solvent, an ion-exchange; 
method, etc, can be mentioned, for example. 

In the approach by baking, 300- 1000 degrees G of porous body precursor particles are preferably heated at 
400-TOO degrees C. although about 3D minutes is sufficient as heating time, for removing a surfactant 
thoroughly > heating fer I hour or mora is desirable. Moreover, although it is possible to peribrra baking in 
air, since a lot. of combustion gas occ/ors, you may carry out by introducing inert gas, such as nitrogen. 
Moreover, when, processing with an organic solvent, a, p.oraua body precursor particle is immersed into a 
good solvent with the high solubility to the. used snr&ctant r and. a surfactant is extractecl it stirs being 
immersed in acidic- solutions (ethanol containing -a, small amount of hydrochloric acid etc), for example* 
•heating, a: porous body precursor particle at 50-70 degrees C in an ionr-exchaTigo method. Thereby, the ion 
exchange of tho sorbet ant which exists in the hole of a porous body precursor particle is carried out with a 
hydrogen ion. in addition, although a h^rogen ton will remain in a Me according to the ion exchange, since 
the ionic radius of a hydrogen ion h sufficiently small, the problem of lock out of a hole is not produced, 

[0043] . _ 

Bv the manufacture approach, of this invention mentioned above, mean particle diameter is trie spherical 
silica system maso porous body which is 0,01-3 micrometers, it. is had and said thai 90% of the weight or ^ 
more (preferably 95 % of the weight or more) of all the particles obtained reach to an extreme of tho particle 
$\ z % of **I0% of within tho limits of mean panicle diameter, and the homogeneity of particio she is high and, 
moreover, a spherical sihea system meso porous body with a main, comparatively as large pore diameter as 
X.:8~5.nm is obtained, efficiently and certainly. Thus, since particle sise is very uniform, the spherical silica 
system meso porous body obtained by the approach of fids invention is dramatically useful as an ingredient 
used for opiiaii device relation including photograph nick crystal Moreover, since the spherical silica 
system meso porous body obtained by the approach of this invention, has a comparatively big pole diameter, 
it becomes possible [ introducing certainly coloring matter with large molecular weight, such as a porphyrin, 
in pore X 



[0044] 

in addition, *it -is .&pherfc$T as used in i&e field of this iny entioa k not limited to a true sphere, arid the 
abbreviation sphere whose rnimmum disaiiet^r Is 80% or mors (preferably 80% or morsO of a dimeter at the 
maxhnten equator Is also, included. Moreover, in an abbreviation sphere, the particle s\m says the average of 
the, minimum: diameter arm a diamoter at the maximum, equator In pnndp]*, .Father mor 6, said mam pore 
diameter is a pore diamet er la th e .maximum peak of the curve tpore-vomme-dlstribution durve) x^jfch 
plotted the vt&m CdWdp) which.: difikreatoed/fMatFe volume (V) t>r the pore diameter (D) to tiio pore 
diameter CD). In addition, it can mk fbr a pore~vo^ deserfbed :ha!o:w.. 

That is, a silica system meso .parous body particle is cooled to liquid nitrogen temperature (-196 degrees 
C) s nitrogen gas is introduced, the amount of adsorption & calculated with the/amount method of constant 
volume, or & weight method, subsequently, the pressure of the nitrogen gas to mtroduco is made to increase 
gradually, the amount of adsorption of nitrogen gas: to each equlJibnnm pressure is plotted, end adsorption 
isotherm k obtained, this; adsorption ismhsrm — ndng. — Craiiston--dnkiay — law and Polhmorrftaal 
law and BjH ~- it can ask for a pore-volume^distribotioo. caurve with nnmeflcd orieiitation methods, zebras 
law. 
[0045] 

The spherical silica system, meso. porous body obtained by this invention k produced considering said, source: 
of a silica as a raw material by -"using" said surfactant m. moid, and has. the no work structure which 
constructed the hridge e^er altitude on the basis of traine-Si~0~ which the silicon atom combined through 
the oxygen atom. Some silicon atoms [ at least ] may form carbom-suieou association: by two or more places 
of an organic radical that such a silica system ingredient should just be what usee a suicori atom and an 
oxygen atom, as: a principal eomponanh Although the organic radical more than divalent [ which can take two 
or more hydrogen and it produces from hydrocarbons, such as an . alkane> an alkene. au alkyne benzene, and 
cycloaikaaa, a$ such an organic radical, for example.] is mentioned, it is not limited to these and, as for an 
organic radicab you may have an amide group, the amino group, myhnino group, a suifhydryl. group, a 
sulfene radical, a oarboryi groan, a ether group, an acyj group, a vinyl group, etc. 
[0046] 

Moreover, as for the spherical silica system raeao porous body obtained,, by this ..invention, it is uesuame tnau- 
60% or more of totahpore volume is contained m *.*4G% of range of the main: pore diameter m amre- 
voitnae-distrihution oiirverThe silica system meso porous body particle wM^ this condition means 

that the diameter of pore is dramaticahy- uniform, Moreover, although there is especially no limit .about -the 
speeihe eumce area of the ■ -steal ting spherical silica system mmo porous body , it is. desirable: that it is more 
than. 70Om2,%, Specific surface area is computable as a BET specific suridce area udng a BET isothermal 
adsorption aquation from adsorption isotherm, 

mm 

Furthermore, as for the spherical silica system meso parous body obtained by this invention, it us ues-ra&le 
to have one or more peakonn whenever [ angie-oFdim-action,/ which is equivalent to d value of ton or 
more in the X diffraction pattern 1 ft means that an X difiraction peak has the periodic structure of -d value 
equivaient to the peak include angle in a sample. Therefore, that there are one or more peaks in whenever 
f equivalent to d value: of l urn, or more / angie-ofodiffi^etion j. means thai pore has arranged regularly m 
intervals of Iran or more. 
[0S48]. 

Moreover, the pore which the spherical silica system meso porous- body concerning tms invention nay is 
funned not only In the front mee of a porous body but; in the Interior. Although especially the array 
condition Cpore axxay structure or etmcture) of the pore in this porous body is not restricted, it is he sir able 
thtit they are 2d-d>exagenalstructure J 3d-- hexagonal .structure, or cubic structure. Moreover, such pore 
array struetun^ amy have the pore array structure of a disorder. 
[0049] 

Here, ft means that arrangement of pore is roppe structure as a porous body nas nexagonai pore array 
structure (S> Inagafcb et ah, j.Chem>Soco s ChenuCoumuun, 680, 1593;SJnagaki et ah ;? BuiLCheitLSooJpm, 
89, 1.449 and 1996. QJ hto, et.ai,, Science, 268 and 1324, 1995 reference). Moreover , It. mesaie that 
arrangement of pore- Is- the: cubic structure as having the pore array structure whore a porous b ody is cubic 
(I. CAhu-tuH, et al, Cheun^er, , 6 and 2317, i.99d;Qd-lno, ;et ah ; Nature, 368 and 317, 1994 reference). 
Moreover, (t means that arrangement of pore is irregukr that a porous body has trie pore: array-structure of 
a disorder CPhT/ranev/ei ah, Science, 267 and 865, 1995;S.A.Bagshawrei al., Science, 269 end 1242, 



1985;R.RyoD > et al,, jPhys,Ghem ?s 100 and 1771 8, IBM reference), Uor^mm\ m for said cubic structure, 
it is desirable that. It is Fm-"3n, Inrwluu or FnHJra symmetric property- -.Said ^metric property Is 
determined basedon the natation of a space group. In addition, in thk InventiDri, In. order that the 
surfactant to be used may have the chemical structure expressed with said general formula. (I) and may 
make a silica raw material react on the above conditions, what the pore which bis said main pore diameter 
arranged to tWo-dteMlomi! feex&gonal one- is -dftsy to be ;obt^med/Mor^over, it beeoniee possible to obtain 
the spherical -silica system meso porous body which according to .this invenUori Is arranged toward the 
oa.tside: of a. spherical parfek fen the .part&k core while meso pom maintaleaT^giHaritY, and if stssha 
rheao parous body is used,, it. will become possible : to.:mate accuracy cause migration of energy and an 
electron oniy in the direction, 
[0050] 

The -spherical silica system meso porous body obtained by this invention may be usee if needed, fabncating,. 
aitltpiigh you may use it with . powder. Although what kind of .thing is mMmmt n$ a means to tebrieate, 
extrudon molding, making tabkt-,s.haplng, -rolBog granulation, compression, molding, GIF, etc, are desirable. 
The configuration can be decided according to an activity part and an approach, for example, the shape of 
the shape of the shape pi cylindrical, the letter of cruahing, a gicbubr ahape, and. a honeycomb and 
Insularity and a corrugated plate etc. is mentioned. 
[005O 

Hereafter, although this invention is more concretely explained based on an example ana tee example of a; 
comparison, this invention: is not limited to the following examples. 
[Ex&raoie .13 
[0052] 

l-lexadecy! trimetiw[aunaomum chloride (surfactant) 35.%C0.QI4- moi/L) and 1 convention aadurar- 
hydroxide 22J:mL We added to the : .nhxed solvent of water- 5L and methanol Su When tetraraethoxy sikne 
(silica raw material) I.Sk2g £0+01.1 moi/L) is added to" this and stirring is continued, the tetraniethoxy sikme 
was dissolved thoroughly and white powder has deposited after about 200 seconds, Alter agitating for 
lurther 8 hours and leaving it at a room temperature overnight (14 . hours), washing by .filtration and 
decked water was .repeated; 3 times, and white powder (porous body precursor, particle) was obtained. 
After drying this white powder for three days with hot air drying equipment , by calcinating at 550 degrees G. 
for 6 hours, the organic component containing a surfactant was removed and the spherical silica system 
meso porous body was obtained 

[0853] ..... , 

The X diffractKm 'pattern of the obtained spherical silica sy^tenrmeso porous Deny ua shown ja , 
The nbtained porous body: "having the. high order peak, and this powder being the high., hoxmmrm porous 
body ot regularity, and having hexagonal pore array structure from the X dilrraetion pattern shown in 
I /was /.checked. Moreover, the mab pore diameter was 2,hm 



Next^obaer-vation by the scanning electron microscope (SEM) of this spherical silica system nieso parens 
hodv -wast nertormed^ The acauired SEM photograph Is snawn in diwingl , Each porous body observed by 
SEM had the corlilgur&tiau of a spherical particle with uniform particle diameter, and the particle size 
distribution of 100 particles of -arbitration was 0.60-0,87 micronieters- Moreover, mean particle diameter 
was 0M nucrometers; and the rate s of a particle of having th e particle s fee of **10% of within the drafts of 
mean particle diameter were 100% of the weight, of ad particles, 

[0055] , ... , , 

Forthennore, filtration itfdsmant was nerformed after the spherical silica system meso porous oody obtained, 
in the examoie 1 w&Ummersed in the benzene mixtion, whose cMorophvO concentration is lOinMls) at the 
room, temperature for 24 hours. Gonsequent^, :it; : was checked that ahoot .tOmg ehioropbyh la adcoroing to 
iODmg of sphencal shba. system, meso porous bodies, 
[Example 2j 
10058] 

The soherioai aiiiea .system maso porous body was obtained iike the example 1. except baying used tetra- 
ethoxy ciiane !Sd")g (0,011 moi/L) instead of the tetrameiaoxy sikne. In addition, after dlssohdng 
thoroughiv in this case, tfhite powder has deposited after about I? minutes, 
f0057f 

T-fc** OTrtiele awn distribution of 100 particles of the arbitration tor which it ...asked .from- the SEM photograph 



or the obtained spherkal silica system mmo porous body was 0,85-0.90 micrometers, Moreover, mean 
particle dimeter was 0,89 micrometers md the rates of a particle of having the particle sise of #N.0% of 
within the limits: of moan particle -diameter were 100% of the weight of aOpartfete^. Furthermore, the main 
pom diameter was 2,01 nm.. 
[Example 31 

mm 

The spherical sliica. .-system mesa porous body was obtained like the example I u&ng the '-mixed solvent of 
water's JL and motha.no! ddSLexnept having used oetadecyi trimetVmammoruum chloride 38, 3g (0,014 
moI/L) Instead of hexauaoyi trimethylammonium, chloride. In addition, altar dissolvmg thoroughly in this, 
case, white powder has deposited alter about 170 seconds. 
[0059] 

The particle size .distrfeutiorr of 100 particles of the arbitration for which it asked from too SFM photograph 

of the obtained spherical silica system meso porous body was 0v89™0,9S micrometers, Moreoverpmoan 

p.artkle diameter 0,9? micrometers and the/rates of a particle of having the particle sxm of **I9% of 

within the limits of mean particle diameter were 95% of the weight of ail particles , Furthermore* the main 

pore diameter was 2.43nnu 

[Examples] 

[0060] 

The spherical silica system, meso porous body was obtained like the example I using the mixed solvent of 
water SL and metharid 7L esoept having used DOKOSHMU triniethylammoniuar chioride 4L4g (0.014 
ml/Q instead of he.xaaeeyi trm^thyktHmbmum. chterid^ in addjtk>n : , after dissolving thoroughly in/this 
case, white powder has deposited after about 190 seconds, 
[0061] 

The particle size distrihuxidn of 10G particles of the arbitration for which it asked torn the SHM photograph 
of the obtained spherical silica system, meso porous body: was L 1-1,25 micrometers. Moreover, mean 
particle diameter was 1,2 micrometers and the rate* of a particle of having the particle size of** 10% of* 
within the limits of m?M\ partide diameter were 92% of the weight of ah particles, Furthermore: the main 
pore diameter was 3,2nnn 
[Example 5] 
[0062] 

The spherical silica; system meso porous body was obtained like the example 1 using the mixed solvent of 
water 4J;L and methanol BSL except .having -used tetradeeyl. trimethyiamfnoniuni chloride 3-3ag (0*014 
moi/L) instead: ; of h^adecyrtrimetir^a?nmamim chloride. In addition, after dissolving thoroughly In this 
case, white powder has deposited after about 140 seconds, 
[00633 

The oartiele size distribution of K)0: particles of the ■■ arbitration. for which it asked from toe. SbM photograph 
of the obtained spherical silica systencmese porous body was 0.81-0^86 .^ieromet^r$. Moreover, ;me^ 
oarticie diameter was. 0>84 micrometers and. the rates of a particle of having me pamcie sise of ^10% of 
within, the limits of mean panicle diameter were 100% of the weight of all particles. Furthermore, the main 
.pore diameter was LSSntm 
[The example 1 of a. comparison]: 
[0064] 

The sohencai silica system mesa porous body was obtained like the example 1 except haying used the mncoa 
solvent, of water 6.SL and methanol 3,5tfin addition, ater dissolving thoro:ugh]y in this ease, white powder 
has d&msnee after about 100 seconds. 
[00651 

The oarticle size distribution of 100 particles of the : ,arbit rat ion tor which it asked from the SiM photograpn 
of the obtained spherical silica -system rnaso porous body was 0.08-0.2:5 micrometers. Moreover, raean 
particfe diameter was 0.2oidcroineters sue the rales of a particle of having the particle size of **10% of 
within the limits of mean panicle diameter were 60% of the weight of all particles. Furthermore, the main 
pore aiamater was 2<;0Snnu 
[The- example 2 of a comparison] 

[0066] _ _ 

The sohericah silica system meso porous body -was; obtained like the: example i except having osed the mixea 
solvent of water I t and methanol 9L In addition, after dissolving thoroughly in this ease, w hire; powder has : 



deposited after about 300 seconds. 
[00071 

the : partiek- size- distribution .of 100 particles of the arbitration for which it asked iters the SEM photograph 
of the obtained spherical silica system mesa porous body was .0,45-1 , 26 micrometers, Moreover, m&jux. 
particle diameter was 0172 micrometers and the rates of a particle of hsvPig tbe particle sfae of **10% of" 
within the limits of masa particle diameter were 18% of the weight of ail. particles. Furthermore, the male 
pore diameter was 1.92'nm. 
f?he example 3 of & comparison.] 
[0068] 

The spherical silica system mesa porous-body was obtained like the exarspie 1 except having set the 
addition of a tetrasimthoxy siiane to §2,4g (0.044 mol/Q, In addition, after dissolving /thoroughly in this 
case, white powder has deposited after about 150 seconds. 
[0069] 

The oariicle size distribution: of 100 particles of the arbitration for which it asked from the SEM photograph 

of the obtained spherical silica system meso porous body was 0,45-0. 81 micrometers. Moreover, mean 

oarticle diameter was 0,62 micrometers and the rates of a particle of having the particle siee of ** 10% of 

within the limits of mean particle diameter were 751 of the weight of all particles. pimthermore, the main 

pore diameter was 2, inm. 

FThe example 4 of a comparison] 

(00701 

The sobericsl silica system meso ■: porous body was obtained like the example 1 except navtng set tae 
addition of a tetramethoxy siiane to ii.Og (0,002 moj/L). In addition, after dissolving thoroughly in this case, 
white powder has deposited after about dOO seconds. 
[0071] 

The particle size distribution of 100 particles of the arbitration for which it asked from the SfcM pnotogmpo 
of the obtained spherical silica system meso porous body was 0.15-0,95 micrometers. Moreover, mean 
osrtkde diameter was 0.71 micrometers and tin; rates of & particle of having the particle sise of **I0% of 
within the limits of mean particle diameter were 22% of the weight of all particles, Furthermore, toe mam 
pore- diameter was 2.05mm 
fThe exempts 5 of a comparison] 
100721 

The spherical silica system meso porous body was obtained like the example 1 except haying set the 
addition of hexadecyl trimethyiamaionhnn chloride to 3.52g (O.O014iool/L), M addition, utter dissolving 
thoroughly in this case, white powder has deposited after about 580 seconds. 

Th^4rtihle size distribmion of 190 particles of the arbitration for which It asked mom the SEM photograph 
of the obtained spherical silica system mesc porous body was 0,24-0.75 micrometers. Moreover, mean 
particle diameter was 0.51 siiicrometers and the rates of a particle of having the panicle dm of **iOf& of 
within the limits of mean particle diameter were 58% of the weight of all/partacks . Furthermore, the mam 
pore diameter was 2.02mm 
[The exmrgue 6 of a comparison] 
[0074 3 

The soherioa! silica system msso porous body was obtained like the example 1 except raving set tea 
ddkhlon of hexahecyi trimethyianmioniun- chloride to !25g (0,O5moI/L). In addition, after dissolving 
thoroughly in this case, white powder has deposited after about 170 seconds. 

r.'p57{p>; 

S oirticfo siae distribution of 100 particles of the arbtostfoft for which it asked from the SEM photograph 
of the nhr ahmd sohericai stlfoa svstem meso porous body was 0.28M1.65 micrometers. Moreover, mean 
umtioie diameter was 0.52 micrometers and the rates of a particie of having the particle size or **10% or 
within the limits of mean particle diameter were 78% of the weight of all particles. Furthermore, tne mam 
pore diameter was g.lnm. 
[ Availability on Indus try] 

Ay" Stained above, aseordfog io the manufociure approach of this invention, the homogeneity of particle 
me Is very high and, moreevergs main pore diameter becomes possible L the thing acquired tor i.tv-anm 



a comparatively large spherical silica system meso porous body- efEoiently a-ad certainly that. 00% of the 
weight or more of ail panicles have the panicle size of 10% of within the limits .-of mean particle 
dfcun&t^r ], Therefore, since particle: :size Is very umfe>rm, the spherics! silica system ineso - porous? body 
ootaiaad by the approach of this invention k dramatically useful as an. ingredient Used Tor optical, device 
relation including phonograph nick crystal. 
£0077] 

Moreover, amee the spherical silica system rues o porous body obtained by the approach of this invention 
has a eommmttveiy big pels . : dlameten it becomes possible [ introducing certainly coloring matter with iarge 
motecolar weight, such, as a porphyrin, by the inside of pore ], Therefore, the-eirectiveness of the coloring 
matter which was introduced in the pore in addition to the effectiveness by the magnitude being wavelength 
size of the spherical silica system .meso porous body obtained by the approach of this hn^ntion is also: useful 
also m the point which can he siiauitaneousiy used now, 
[Brief Description of the Drawings] 
[00783 

[[>^m.J.I It is drawing showing the X diffraction pattern of the spherics! sides system rneso porous body 
•obtained in the example 1, 

|X^dnE-jfl It.is the SEM photograph of the spherical silica system meso porous" body obtained an the 
example 1- 
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[Brief Description of the Drawings] 
[0078] 

[Drawing.!] it b drawing showing the X diffraction pattern of the spherical silica system m<sso porous mW 
obtained in the example L , 
[Dr^rfSM.11 H is the SEM phonograph of the spherical silica system n^eso porous body obtained ui trie 
example 1. 
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